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The United States shoulders the highest overall health care expenditures, and boasts the greatest expenditures per capita of any country in the world. Manchikanti (2008) states that in 2005, the United States spent $1.9 trillion, or 16% of the gross domestic product (GDP), on health care. Though approximately $913 billion was spent in 1993, the figure is projected increase to $4.1 trillion by the year 2016. Consequently, the proportion of GDP is expected to rise from 13.7% to 19.6% over the same time period (Manchikanti) . In response to double-digit increases in cost, health care industry stakeholders (policy makers, payers, providers, and patients) have mobilized to radically reduce costs by developing innovative ways to maximize efficiency. As a consequence, traditional fee-for-service (FFS) reimbursement is no longer the rule, and managed care models have come to predominate.
Subsequently, health care providers control fewer resources, yet practice in an environment defined by greater demands for cost-effective, quality care and accountability for the same (Cromwell, Adamache, & Drozd, 2006; Laszewski, 2003) . In this cost-conscious, competitive environment, the operating room (OR) is considered to be a major focus of change. Surgery is a critical, often lifesaving, part of the healthcare delivery system, and may well be considered the financial lifeblood of the hospital. One estimate finds that 30.1% of all health care outlays are related to surgical expenditures (Munoz, 1994) . As such, the operating room is revenue producer that cannot afford to be mismanaged or inefficient (Health Management Technology, 2005) .
OR patient throughput has become an issue for most hospitals across the United States, even more so for Academic Medical Centers (AMCs). All hospitals are bearing the burden of the Balanced Budget Act (BBA) mandated cuts, and any hospital, regardless of organizational structure or mission, may well face losses. However, many of the BBA's provisions more seriously affect highly specialized institutions; thus, a comparatively greater share of the burden falls on teaching hospitals and faculty physicians. The impact of the BBA is far more than just financial. Its mandatory changes will have profound and far-reaching organizational and operational effects on providers, especially those committed to training residents and fellows;
specifically the BBA limits the number of residents eligible for Medicare reimbursement to the number in place during a base year; 1996 is the baseline year for the BBA cap (Cromwell, Adamache & Drozd, 2006) . This means that the number of residents that a hospital can claim reimbursement for, with some limited exceptions, is frozen in perpetuity (Dickler & Shaw, 2000) .
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AMCs are faced with increasing volumes, higher acuity, and, as a consequence, capacity issues. These issues can affect OR utilization and patient throughput. Due to the BBA, the financial environment in teaching hospitals and medical schools has changed significantly, and government teaching hospitals, especially in urban areas, average far lower GME subsidies at the margin because of their smaller Medicare caseloads (Cromwell, Adamache, & Drozd, 2006) .
Although costs for new technology, drugs, and personnel increased significantly, the passing of the BBA resulted in the removal of millions of dollars in financial support for resident training.
As a result of this changing environment, individual departments are now expected to demonstrate better financial performance, resulting in the current increased emphasis on clinical productivity (Davis, et al., 2006) .
According to Mclntosh, et al (2006) , it is a widely held belief among most experienced academic surgeons that training residents in the OR increases the time required to perform most surgical procedures. In surgical gathering places nationwide, anecdotal stories of the difference in procedure incision to closure time when procedures are performed with and without a resident are often told by senior surgeons. This increased time is an inherent inefficiency of the training process, though necessary to ensure adequate training and quality outcomes. There are few data and reports in the literature, however, that have attempted to define the precise amount of time associated with training a resident on a particular procedure. The few reports that do exist examine residents at different postgraduate levels performing various procedures with numerous surgeons. Therefore, it is difficult to quantify the amount of extra time a surgeon can reasonably expect to spend training a particular resident on a particular procedure (Babineau, Becker, Gibbons, Sentovich, Robertson, & Stone, 2004) .
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Statement of the Problem
WHMC social missions include teaching, research, the provision of rare and specialized services, innovation in patient care, the care of vulnerable populations, including the indigent, as well as their operational commitments to the Global War on Terror (GWOT) (WHMC, 2007) .
Like other AMC's, WHMC dedication to training in the operating room setting may lead to an increase in operative times, leading potentially to the perception of inefficiency. A major problem within the operating room environment is the length of procedures, by decreasing the duration of procedures, more cases may be scheduled, thus increasing patient volume and revenue generation, but at a cost to training. In an era when cost cutting for hospitals is vital to maintain an operating margin, solving this problem is crucial.
Literature Review
Overview
According to Wilkiemeyer (2005) "Operative skill is essential and can be acquired only through personal experience and training.
The program must provide for sufficient operative experience to train qualified surgeons, taking into account individual capability and rate of progress" (p. 881). This training could lead to increased operative times, and according to Sharoky (2005) , the length of time spent under general anesthesia during surgery determines the risk of postoperative complications and recovery periods for patients of all ages. There is not enough evidence, however, to prove that the risk is a result of the complexity of lengthy surgery itself. Sharoky also states that for Implications of Medical Training on OR Throughput 5 patients of all ages the risk of complications increases between 18 percent and 36 percent for each hour under anesthesia and complications range from fever to pneumonia and heart attack.
Charged with the responsibility for instructing, supervising, and evaluating surgery residents are attending surgeons who have both an ethical and a legal responsibility for the overall care of each patient and supervision of residents involved in care. While residents with limited experience require more intensive supervision than those at advanced levels, they must be provided with adequate opportunities to learn techniques and skills. Safeguarding patient welfare is the guarantee of appropriate supervision by more experienced surgeons (Wilkiemeyer, et al (2005) .
In a study conducted by Babineau, et al. (2004) WHMC provides an entire range of care, from primary to tertiary, and serves as the 
Wilford Hall Medical Center Payment System
The Office of the Assistant Secretary of Defense for Health Affairs is responsible for the management of the Military Health System (MHS). The MHS TRICARE system delivers health care through a worldwide network and supplements that care through a series of private sector contracts that provide physician and hospital networks, retail and mail order pharmacy benefits, claims processing, marketing, and medical management. The TRICARE program provides a triple option benefit, including Prime (a health maintenance organization (HMO) style benefit requiring beneficiary enrollment to a primary care manager (PCM)), Extra, a preferred provider organization (PPO) style benefit; and Standard, a fee-for-service (FFS) benefit. The MHS is currently implementing a prospective payment system that will change the allocation system to pay prospectively on the value of healthcare provided. To determine the prospective payment, MHS inpatient and outpatient facilities are required to build a business plan that projects their annual enrollment and healthcare delivery targets. The prospective payment system will be fully it is up to the nurses and surgical technicians to restock and prepare the room for their next scheduled case. With two independent sources responsible for room turnaround, the potential exists for an increased turnaround time.
Wilford Hall Medical Center Internal Strengths and Weaknesses
Although faced with high nursing and surgical technician turnover rates in lieu of operational requirements and deployments, WHMC has one thing going for them, GWOT NMC, 2007) .
Nix Medical Center Payor Mix
NMC is a privately owned hospital that relies solely on government agencies, personal health insurance, and out-of-pocket expenses for health care reimbursement of medical expenditures (See Figure 3) . 
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NMC Payor Mix
Uninsured 8%
Nix Medical Center Operating Room Scheduling System
NMC currently does not use any commercial OR scheduling system. NMC is in the market for an electronic medical record system and OR scheduling system, but in the interim use Microsoft Excel to manage their OR schedules, to include data collection (NMC, 2008) .
Nix Medical Center Operating Room Turnaround Policy & Procedures
Rigorous cleaning procedures must be adhered to even in the most austere environments.
Cleaning should be performed on a regular basis to reduce the amount of dust, organic debris, A second major weakness is administrative in nature. With no operating room scheduling system in place, NMC relies on Microsoft Excel to schedule operative times. NMC is currently scanning the market for the appropriate OR scheduling system that would fit their needs; in the interim, they rely on spreadsheets.
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As a Level I Trauma Center, WHMC faces many challenges. This paper focuses on one in particular, OR patient throughput. WHMC is also an AMC; however, it differs from its civilian counterpart, NMC, in that it maintains wartime and peacekeeping missions that impact resources and services offered. In an attempt to identify similiarities and/or differences, this study will compare procedure times, generally known as throughput, for hernia surgery, In answering these research questions, the following hypothesis was tested:
H a : There is a significant increase in the amount of time required to perform an operation when the procedure involves training a surgical resident.
Methods
This study was a retrospective analysis of collected data on patients undergoing common procedures, hernia surgery, laparoscopic cholecystectomy, and carotid endarterectomy, at WHMC and NMC. Operative times were retrospectively collected from an OR information system and inpatient records present in the each OR and completed at the time of the procedure.
Operative times were defined as the time from skin incision to the time of wound closure. During Implications of Medical Training on OR Throughput 15 the study period, surgeons and residents were blinded to the study's purpose and no protected patient health information was used.
Data Sources
Retrospective data used in the process measurement was derived from WHMC operating room scheduling system, McKesson. The contents of the databases originates from the OR schedule and the electronic intraoperative patient record. The McKesson data was extracted and reformatted in Microsoft Excel.
Retrospective data used in the process measurement was derived from NMC operating room scheduling management tool, Microsoft Excel. The contents of the database originated from the OR schedule and the hard copy intraoperative patient record. Data from the inpatient records at the NMC was obtained solely by appropriate NMC staff.
Specific data elements were extracted from these databases, a de-identification of protected health information was conducted by both facilities, meeting the requirements for privacy of individually identifiable health information, outlined by the the Health Insurance Portability and Accountability Act (HIPAA) of 1996. According to HIPAA the de-identification of data should lead to no reasonable basis to believe that the information can be used to identify an individual is not individually identifiable health information.
Operational Definitions
The Dependent Variable is throughput (Time) and the Independent Variables are: facility and procedure. The code sheet for patient throughput can be located in Appendix A, Table 1 .
Dependent Variable
• Throughput (Time) is a continuous variable displayed in the form of minutes, and captures the time from incision to closure of surgical site.
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Independent Variables
• Facility a dichotomous variable which identifies at which hospital the procedure took place, where "0" is WHMC and "1" is Nix. All cases conducted at WHMC were with a surgical resident present and all cases conducted at NMC were without surgical resident present
• Procedure is a dichotomous variable, three procedures for this hypothesis were identified for this study, where o = Inguinal Hernia Repair, 1 = Laparoscopic cholecystectomy, and 2 = Carotid endarterectomy
Unit of Analysis
Facility procedure served as the unit of analysis for this study, the purpose of which was to answer the question, was there an increase in operative time due to medical education, and if so, how much?
Data Analysis
Using the Statistical Package for Social Sciences (SPSS), version 16, data were coded, and verified for accuracy. No missing data was identified. Data was then examined for normality using histograms and scatter plots. Linear regression was used to examine the relationship between the dependent variable, throughput, and the independent variables, facility and procedure type. A t test was employed to determine whether there was a significant difference between the mean throughput for each facility. Alpha levels were set atp<.05.
Limitations
Secondary data sources were used. Though the advantages were cost, timeliness, and impartiality of information, potential disadvantages included accuracy, as data was entered by hand and from various sources. Consequently, there was no standardized procedure for entering or coding the data. The lack of standardization created the need for additional research to ensure procedures were selected and categorized appropriately regardless of the facility. Similar problems were encountered at each.
A second limitation includes a standardized definition of throughput. Although both facilities assumed that throughput was considered to be skin-to-skin, or incision to closure, neither facility had standard operating procedures to outline the data tracking systems, with reference to this guidance.
Due to the difficulty in obtaining data coupled with time constraints other confounding variables that could have influenced the outcomes were not used.
Results
A two-way factorial analysis of variance (ANOVA) was conducted to determine the accuracy of the independent (Facility and Procedure Type), predicting procedural times for WHMC and NMC. Data screening led to the elimination of 5,623 cases due to procedural type not falling into one of the three categories identified for study, which were as follows: Inguinal Hernia Repair, Laparoscopic Cholecystectomy, and Carotid Endarterectomy. The purpose in using a two-way factorial analysis of variance (ANOVA) was to test for mean differences with respect to the dependent variable, OR throughput, taking into consideration that there were two independent variables, facility (2) and procedure type (3). Data were screened to ensure that the assumptions of factorial ANOVA were met. A review of normality revealed that OR throughput was slightly skewed to the right; therefore, a log transformation was completed and the new dependent variable was labeled logtime. Descriptive statistics are outlined in Table 2 .
Implications of Medical Training on OR Throughput 18 A two-way ANOVA was conducted to investigate differences in OR throughput, the dependent variable, by facility and procedure type, independent variables. ANOVA results, presented in Table 4 , showed a significant main effect for facility (F(5,354)= 76.05, p<.001, partial >7 2 =.176), and treatment type (F(5,354)= 10.27, /K.001, partial n 2 =.Q55). The calculated effect size for each factor indicated a small proportion of OR throughput (incision) time was accounted for by each factor. Since ANOVA results indicated only group differences and did not identify which groups were different, pairwise comparisons of treatments by facility type were conducted. Table 5 presents mean differences for every possible paired combination of procedure type by facility.
Significant mean differences at the .05 level are indicated by an asterisk. Bonferroni's post hoc test was conducted to determine which procedure types were significantly different by OR throughput, the dependent variable (coded logtime). Results revealed that OR throughput for each procedure type was significantly different from all other procedure types, see Table 6 . 
Discussion
The United States has the highest overall healthcare expenditures of any country in the world. In a cost-conscious, competitive environment the OR is a major focus of change, as one estimate finds that 30.1 % of all health care outlays are related to surgical expenditures (Munoz, 1994) . OR patient throughput has become an issue for most hospitals across the U.S., even more so for AMCs. All hospitals are bearing the burden of the BBA mandated cuts, and any hospital, regardless of organizational structure or mission, may well face losses, and the number of residents that a hospital can claim reimbursement for, with some limited exceptions, is frozen.
AMCs are faced with increasing volumes, higher acuity, and, as a consequence, capacity issues, coupled with an increase in OR time due to the training of surgical residents. GME is the keystone supporting the entire voluntary military medical structure for quality health care delivery in time of peace and war. GME is the well thought out clinically based education by which physicians obtain those additional qualifications, beyond medical school graduation, required for certification in a medical or surgical specialty. The primary mission of Air Force medical organization is clearly that of readiness. In this era of restrained resources the most pressing problem is how to balance the building and maintenance of a combat ready medical force with the peace time requirements to satisfy the health care needs of the operating forces and other entitled constituents. It is no over statement to define GME as the essential prop supporting the entire Coupled with nursing shortages the NMC currently functions without a formal operating room scheduling, and relies solely on Microsoft Excel to schedule operative times.
As a Level I Trauma Center, WHMC faces many challenges. This paper focuses on one in particular, OR patient throughput. WHMC is also an AMC; however, it differs from its civilian counterpart, NMC, in that it maintains wartime and peacekeeping missions that impact resources and services offered. In an attempt to identify similiarities and/or differences, this study will compare procedure times, generally known as throughput, for hernia surgery, laparoscopic cholecystectomy, and carotid endarterectomy between WHMC and NMC, a privately owned non-academic hospital.
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This study was a retrospective analysis of collected data on patients undergoing common procedures, hernia surgery, laparoscopic cholecystectomy, and carotid endarterectomy, at WHMC and NMC. Operative times were defined as the time from skin incision to the time of wound closure. Retrospective data used in the process measurement was derived from WHMC operating room scheduling system, McKesson and reformatted in Microsoft Excel, retrospective data used in the process measurement from NMC was derived from Microsoft Excel. For both databases all protected health information was de-identified, where an individual is not individually identifiable through the data used.
The dependent variable is throughput (time) and independent variables are facility and procedure. The code sheet for patient throughput can be located in Appendix A, Table 1 .
Facility procedure served as the unit of analysis for this study, the purpose of which was to answer the question: Is there an increase in operative time due to medical education, and if so, how much? Using SPSS, version 16, data were coded, and verified for accuracy. No missing data was identified. Data was then examined for normality using histograms and scatter plots.
Linear regression was used to examine the relationship between the dependent variable, throughput, and the independent variables, facility and procedure type. A univariate (factorial) ANOVA was employed to determine whether there was a significant difference between the mean throughput for each facility. Alpha levels were set atp<05. Secondary data sources were used.
Secondary data were used, though the advantages were cost, timeliness, and impartiality of information, potential disadvantages included accuracy, as data was entered by hand and from various sources. Consequently, there was no standardized procedure for entering or coding the data. The lack of standardization created the need for additional research to ensure procedures Implications of Medical Training on OR Throughput 24 were selected and categorized appropriately regardless of the facility. Similar problems were encountered at each. A second limitation includes a standardized definition of throughput.
Although both facilities assumed that throughput was considered to be skin-to-skin, or incision to closure, neither facility had standard operating procedures to outline the data tracking systems, with reference to this guidance.
Due to the difficulty in obtaining data coupled with time constraints other confounding variables that could have influenced the outcomes were not used. This analysis of the implications of medical training on operating room throughput showed that teaching a surgeon accounted for an increase in operative times for all three procedures: inguinal hernia repair, laparoscopic cholecystectomy, and carotid endarterectomy.
Our society today enjoys high medical standards and a reputation for ethical practice and to ensure a pipeline for surgeons is not compromised we rely on AMC's and the like. AMC's must set standards for the practice of surgery, put in place processes to ensure that these standards are safeguarded, set directions for growth, promote collegiality, all while train the next generation of surgeons. An appropriate supply of well-educated and trained physicians is an essential element to assure access to quality health care services for all Americans.
According to the Association of American Medical Colleges (AAMC, 2006) , in the 1980s and 1990s, workforce analysts and public policymakers, with few exceptions, predicted the United States would experience a substantial excess of physicians by the beginning of the 21st century. In light of these studies, the AAMC and other national organizations recommended steps to reduce physician supply in order to obviate the predicted surplus. Over the past two decades, enrollment at allopathic medical schools has been essentially flat. It is now evident that those predictions were in error, in part because of the assumption that managed care would Implications of Medical Training on OR Throughput 25 drastically change the way that healthcare is organized, and delivered. The AAMC believes that sufficient evidence is at hand to recommend that entry level positions in both U.S. medical schools and GME programs should be increased over the coming decade, placing an even heavier burden on AMC's.
While the addition of a surgical resident into a hospital certainly adds value to patient care and residency training, is also resulted in an increase in operative times due to medical training. The findings of this research demonstrate that there is a statistically significant increase in operative times due to medical education when comparing WHMC an Academic Medical Center and NMC a non-Academic Medical Center. An increase in time overall associated with surgical training exists, and one must consider, "What did this increased time cost, with reference to opportunity costs, probability of increased mortality due to longer anesthesia times, as well as increased infection rates?" To help overcome some of these obstacles, some AMC's are testing virtual reality in medical training, with patient safety an increasing concern and with more sophisticated simulations available, a growing number of educators are pushing for simulations to play a larger role in medical and nursing school curricula and internship training, as with Stanford University (Raths, 2006) . Given the impending BRAC that will leave WHMC as a super outpatient clinic, virtual medicine certainly would not be a valid option in the OR at this time.
This study showed significant differences by facility and by procedure. NMC demonstrated significantly decreased time for all procedures, which can be attributed to time required for surgical training at WHMC. Although WHMC showed an increase in operative times, this should not be construed as inefficient. There are many factors that contribute to the amount of time required to perform a procedure, such as physician pace and comfort level; however, the results of this study clearly show that surgical training can lead to an increase in operative times, which may have a domino effect in the amount of surgical cases scheduled or performed. This study also shows when studying the efficiency in the OR, consideration must not be given solely to OR availability, approximate number of cases scheduled, or manning ratios; decision-makers must dig deeper to determine the impact of surgical training on the overall caseload presented. More importantly, when studying throughput, AMC's can not be compared equally to that of a non-AMC, given their mission to educate, train and provide future generations of surgeons.
Epilogue
The premise of this study was to determine was there an increase in operative time due to medical education, and if so, how much? I chose WHMC as the AMC and NMC as the non-AMC, this selection was made based on the employee resource sharing agreement between these two facilities, where attending surgeons at WHMC conducted surgeries (for population 65 years and older) without residents at NMC. Six months after NMC agreed to participate in this study I finally received data that met the basic requirements of this study. Because of this delay, I was faced with time constraints which limited my ability to obtain subsequent data that may have additionally influenced this study, to include provider specialty, years of experience, comorbidities, and possible complications that could lead to an increase in operative time. With reference to WHMC, ensuing data that may have offered more substantive findings included, the attending surgeons specialty, years of experience, residents post graduate year, and residents training specialty, co-morbidities, and possible complications that could lead to an increase in operative time. A well-planned research study usually produces many valid questions; accordingly, the lack of these confounding variables caused major limitations in this study, and Implications of Medical Training on OR Throughput 27 for future studies should be considered when attempting to evaluate the impact of medical education on operative times. 
